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ABSTRACT
THE EFFECT OF THE INTRODUCTION OF THE EURO ON STOCK PRICE
VOLATILITY IN THE BELGIAN EQUITY MARKET

By:

Hanne Zmierczak

This study serves to research the effect of the introduction of the Euro as a
currency on the volatility in the equity market in Belgium. It particularly looks at the
Bel20 index volatility, which includes the twenty largest companies listed in the Belgian
stock exchange. This study incorporates ordinary least squares regressions with a time
series component. Various models with a timeframe between January 1992 and
December 2013 are run. The dependent variable of this research is Bel20 volatility, while
the independent variables include inflation, consumer confidence, change in industrial
production, GDP growth, Euro dummy variables, and a financial crisis dummy variable.
The purpose of this study is to see whether or not the introduction of the Euro had an
effect on Bel20 volatility and what the sign of the relationship is if one is found. The
results show that Bel20 volatility has increased with statistical significance after the
introduction of the Euro.
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CHAPTER ONE

INTRODUCTION

1.1 Overview
The determinants of stock price volatility have been extensively studied. However,
little research that focuses on stock price volatility and the introduction of the Euro as a
currency has been performed. This study serves to explain the relationship between
several macroeconomic determinants of stock price volatility, which will be the
independent variables, and stock price volatility, the dependent variable, before and after
the introduction of the Euro. The research will focus on looking at this relationship in the
Belgian equity market, and more specifically at the Bel20 stock index. Belgium was
among the first eleven countries to adopt the Euro as a currency.

1.2 The European Union, European Monetary Union, and the Introduction of the Euro
The introduction of the Euro was a process with different steps which took 48 years
to complete. The predecessor of the European Union (EU), The European Coal and Steel
Community (ECSC) was founded in 1951 and was signed by six countries, including
Belgium. The goal was to develop better relations, both politically and economically. It
focused on setting up a common market for the coal and steel industry. Other countries
joined after the European Atomic Energy Community (EURATOM) and the European
Economic Community (EEC) were introduced.
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After the fall of the Berlin Wall in 1989, the Maastricht Treaty was signed in 1992, which
officially marked the establishment of the EU. There would be a common market for
goods, money, people, and services and increased cooperation between all member
countries. The next step was pursuing the introduction of a common currency. In 1998,
eleven countries, one of which was Belgium agreed to adopt the Euro as a currency and
the European Monetary Union (EMU) was established. Only one year later, in 1999, the
Euro was introduced to be the single currency of the members of the EMU. There was a
transition period until 2002, when the European Central Bank (ECB) circulated Euro
coins and bills. This research will look at data between 1992 and 2013, while accounting
for the different steps related to the full immersion of the Euro. It will look at stock price
volatility before 1999, between 1999 and 2002, and after 2002.

1.3 Bel20
The Bel20 is a Belgian stock index that includes the twenty largest companies
listed on the Belgian stock exchange. It is part of Euronext Brussels. The index was
introduced on March 18th 1991 and started at 1,000. The twenty companies that were
included in the index at its introduction were Barco, Bekaert, CBR, Delhaize, Electrabel,
Fortis, GBL, Generale Bank, Gevaert, GIB, PetroFina, Recitel pref., Royale Belge, Soc.
Générale Belg., Sofina, Solvay, Tessenderlo, Tractebel, UCB, and Umicore. Every year,
on the first trading day of March, the index is revised; companies are replaced by others
that are now among the twenty largest in Belgium. In 2013, only seven of the original
twenty stocks remain in the index while the others were replaced by new companies. On
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December 31st 2013, the Bel20 was listed at 2,923.82 basis points. This study will focus
on the Bel20 because it is a good reflector of the entire Belgian stock market.

1.4 Stock Price Volatility and Macroeconomic Determinants
Stock price volatility is the relative change in stock prices. Bollerslev, Engle, and
Wooldridge (1998) found that stock price volatility affects the cost of capital, the overall
health of the economy, and allocation efficiency. Both Harvey (1994) and Solnik (1993)
saw that when stock market volatility is predictable, there are many implications for
portfolio allocation. That research called for studies on the determinants of stock
volatility. Many have examined the influence of stock price volatility on different factors.
Errunza (1998) researched the macroeconomic determinants of stock price volatility and
looked at money supply, consumer price index, and industrial production. Davis and
Kutan (2003) found evidence of a relationship between volatility and inflation and output.
Engle and Rangel (2008) saw that inflation, GDP growth, and short-term interest rates are
important macroeconomic factors that influence volatility. Kurtz, Jin, and Motolese
(2005) found that market expectations also had a significant effect on volatility. Limited
research has been conducted to study the effects of different factors that affect volatility
and the introduction of the Euro. Moorhead and Brooks (2013) studied the effect of the
Euro as a single currency on asymmetric stock market returns volatility, but this differs
from the determinants of stock market volatility. This leads to the importance of the
outcomes of this research; if traders, companies, and policymakers understand the
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differences in the weight of the determinants of stock price volatility before and after the
introduction of the Euro, they can use this information for decision-making.

1.5 Expectations
It would be expected that stock market volatility decreased after the introduction of
the Euro as a common currency because information costs and transaction costs lowered.
This is confirmed in a study by Chou, R. Y., Wu, C., & Yang (2012). Although the free
flow of goods, money, people, and services was allowed by the EU before the Euro,
having a common currency made everything much easier again. A study conducted by
Hardouvelis, Malliaropulos, and Priestley (2006) said that the introduction of the euro as
a single currency also eliminated intra-European currency risk. Although one would
expect the volatility to diminish after 1999 and again after 2002, there is still a need to
research how the values for the different factors that affect volatility change.

1.6 Research questions
The main research question of this study is whether or not there is an effect of the
introduction of the Euro on the macroeconomic factors that determine stock price
volatility in the Belgian equity market. By finding an answer to this question, this
research serves to eliminate the knowledge gap as no studies on this subject have been
conducted until now. To my knowledge, the only research that has been done on this
topic is a paper by Chou, Wu, and Yang (2012) on the Euro‟s impacts on the smooth
transition dynamics of stock market volatilities. However, this research focused on
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France, Germany, Spain, and Italy, while my research will focus on Belgium only. Also,
my research will differ from the research by Chou, Wu, and Yang (2012) in that I will
focus on only the macroeconomic determinants of stock price volatility. Various
determinants of stock volatility have been explored as well as the effects of the
introduction of the Euro on stock market returns. This study will specifically focus on
stock price volatility and the establishment of the Euro. It will look at the monthly data
for the years 1992 to 2013. Different regressions, which are explained in Chapter 3, will
be run to account for the differences between periods.

1.7 Scope and Limitations of the Study
Although it would be interesting to research the differences between all countries
that are part of the Eurozone, this study aims to introduce the topic. For that reason,
Belgium was chosen and the analysis will have a narrow focus. This means that it will be
hard to draw conclusions for other EMU countries, although there will be a general idea.
Also, the Bel20 was chosen due to the availability of data. The Bel20 has the necessary
index data available, but the research would still implicate more about the entire common
stock market in Belgium because the macroeconomic determinants‟ data would be the
same for the entire country.
One of the limitations of the study is that for some of the macroeconomic
determinants‟ data, such as GDP, there is only quarterly information available. However,
the research will look at the Bel20‟s monthly volatility to maximize the population size.
Another limitation is that some of the quarterly GDP data, in particular the data from the
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early years, is estimated by the Organization for Economic Co-operation and
Development (OECD) because no actual Belgian GDP data is available. A third
limitation of this study is that it is difficult to account for the fact that the companies that
are part of the Bel20 change every year, what might affect the index‟ basis points and
thus volatility. A last limitation is the effect of the latest financial crisis of 2007. It is
difficult to estimate when this crisis started influencing the Belgian stock markets and
when the crisis stopped having an effect. However, this research will try to eliminate the
effect of the financial crisis as much as possible by creating dummy variables for the
years and months that fell within the time period of the crisis, as well as creating different
models that account for the crisis.
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CHAPTER TWO

LITERATURE REVIEW

2.1 Implications for Portfolio Allocation
It is important for investors to have information about returns so that they can
estimate future returns. Multiple studies have been performed on optimal portfolio
allocation and could be used by investors for decision-making purposes. If one would like
to invest in the Bel20, this in no different; one should have all available information to
make optimal investment decisions. Bollerslev, Engle, and Wooldridge (1988) researched
the capital asset pricing model with time-varying covariances. They found that the risk
premium of a stock is better explained by the implied market‟s covariances, rather than
the stock‟s covariance. They also came to the conclusion that information regarding
innovation in consumption explains part of the return on assets. First, this means that to
know more about the expected return of a stock in the Bel20, an investor should look at
the entire Bel20 and the covariances of its stocks rather than the covariance in the stock
the investor is interested in. This implies that with the introduction of the euro, an
investor should look at the entire Bel20‟s volatility in order to make a decision about his
investment. The volatility is predicted to decrease for all stocks and this information can
be used to gain expectations about one particular stock. Second, because the introduction
of the Euro can be seen as an innovation in medium of exchange, it will partly explain the
return on the Bel20.
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Solnik (1993) studied the performance of international asset allocation strategies
using condition information. Using three different approaches, he found that if an
investor has dynamic asset allocation strategies, the performance is superior. Also, the
study lead to the conclusion that on major stock markets expected returns have
predictable time-varying components. This implicates that over time, the Bel20 presents
components that can be predicted. Even though the introduction of the Euro might have
some unknown effect on the Belgian index, some factors are still predictable and
decisions can be made about investing in Belgian stocks. Also, Solnik‟s (1993) research
alludes to the fact that an investor should use a dynamic asset allocation strategy and not
only invest in the Bel20, no matter what the studies regarding the return of stocks with
lower volatility say.
Harvey (1994) researched how a portfolio can be enhanced using emerging markets
and market condition information. He found that if investors use market condition
information to predict returns on their investments, they have returns that are twice as
large as traditional benchmarks. The most important finding pertaining to this research is
that the opportunity set in an active portfolio strategy has become larger, specifically that
at a lower volatility one can gain higher expected returns. As mentioned in Chapter 1, one
would expect volatility to decrease after the introduction of the Euro. Harvey‟s (1994)
research implicates that even though the volatility of the Bel20 might decrease, one can
still have a higher expected return by using an active portfolio strategy. For investors this
means that they should not have to hold back on investing in Belgium.
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2.2 Determinants of Stock Market Volatility
For this research it is important to know what exactly determines the volatility of
stocks. Once this is known, a model can be set up to compare these influencers before
and after the introduction of the Euro. There are many determinants of stock price
volatility that have been studied. The determinants of common stock returns volatility
was studied by Cohen, Ness, Okuda, Schwartz, and Whitcomb (1976). They took into
consideration that the variance of stock market returns is different from stock to stock,
depends on the exchange you look at, and differs from country to country. They came to
the conclusion that the determinants of returns variance are share price and the floating
supply of a companies‟ shares. It was also shown that financial economies of scale can be
realized as firms grow. This research is important for my study because the fact that
returns volatility differs between stocks should be considered. My model will look at the
Bel20, but not at the individual stocks that the index includes. Thus, my research will not
be able to infer a conclusion about different individual stocks.
One of the pioneers who performed research on the factors related to stock market
volatility is Schwert. Schwert (1989) looks at why stock market volatility changes over
time. The author looks at many different variables and related them with changes in stock
market volatility. These variables include real and nominal macroeconomic volatility,
economic activity, financial leverage, and stock trading activity. Schwert (1989)
concludes that economies are more volatile during recessions, financial leverage affects
stock volatility, share trading volume growth has a positive effect on volatility, and there
is weak evidence that macroeconomic volatility helps predict stock return volatility,. The
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implications for my research are that macroeconomic volatility should be left out,
however, it might be useful to use other macroeconomic variables in my model. Also,
because financial leverage and share trading volume affect volatility, it is important to
consider these variables in my research.
Research by Liljeblom and Stenius (1997) focused on the macroeconomic
volatility and the stock market volatility in Finland. They came up with results that are
significantly stronger than those of the research done on US data. Their conclusion was
that stock market volatility is a predictor for macroeconomic volatility and, the other way
around, that macroeconomic volatility is a predictor for stock market volatility. This
might be due to an outside factor. They found that one-sixth to two-thirds of aggregate
stock volatility is related to macroeconomic volatility and that there is a negative
relationship between increases in trading volume and stock market volatility. These
results have important implications for this research because it indicates that the
determinants of stock market volatility differ in different countries. Also, it indicates that
it is important to consider macroeconomic volatility when making a model for stock
market volatility in the Bel20.
Errunza and Hogan (1998) also look at the macroeconomic determinants of stock
market volatility. They focus particularly on Europe because they find that the time
variation in stock market volatility is significantly affected by the variability of real
macroeconomic or monetary factors, which is not the case for the US. In the study,
industrial production (a proxy for real activity), money supply, and inflation are used as
macroeconomic factors. This differs from the study by Engle, Ghysels, and Sohn (2013)
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in that money supply is used. The research suggests that incorporating macroeconomic
information can improve return volatility predictions in many European equity markets.
However, the results indicate that in the case of Belgium, macroeconomic determinants
do not increase forecastability. In my research I will see if using slightly different
macroeconomic variables changes these results. Also, because the study by Errunza and
Hogan (1998) was performed in 1998, the results might differ after the introduction of the
Euro.
An article by Binder and Merges (2001) examines the stock market volatility and
its economic factors. The article states that volatility is a function of price level
uncertainty, the ratio of expected profits to expected revenues for the economy, the equity
risk premium, and the risk-free interest rate. The initial tests used in the research find that
the mentioned economic factors explain 50 percent of the monthly changes in volatility.
It also discusses the fact that during financial crises there are changes in the ratio of
expected profits to expected revenues, which means that there will be changes in market
volatility. For my research, the study by Binder and Merges (2001) is important because
it states which factors explain stock market volatility. My research will focus on
macroeconomic factors and will likely explain less that 50 percent of monthly stock
market volatility changes because the macroeconomic factors used by Binder and Merges
(2001) explain that much.
Contrary to the research performed by Errunza and Hogan (1998) and Engle,
Ghysels, and Sohn (2013), Davis and Kutan (2003) find that macroeconomic volatility
has a weak predictive power for volatility and returns in the stock market. They used
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inflation and real output as proxies for macroeconomic volatility. The goal of this
research was to study whether inflation and output were good predictors of stock returns
and volatility by looking at international markets. The reason for the research was that
other studies did not look at real output and inflation together as exogenous variables
when looking at the relationship between macroeconomic factors and stock return
volatility. From this, I can conclude that my research should not focus on only the
variables inflation and real output. If I would only use Belgian data for those variables, it
is likely that my model would have a low predictive power of stock market volatility.
Kurtz, Jin, and Motolese (2005) looked at the determinants of stock market
volatility and risk premia. They treat market beliefs as the main explanation of market
volatility. It is believed that individual forecasts of future market states of belief are
comparable to predictions of future stock prices. Kurtz, Jin, and Motolese (2005)
prepared a simple model regarding market expectations and found that it matched the
empirical record of stock prices. The research concludes that market beliefs are mainly
driven by overconfidence of agents and asymmetry in the amount of times bull or bear
states occur. From this research one can take away that market expectations of agents
significantly influence a stock‟s volatility. This should be no different for the Bel20. My
research will take the state of belief towards the Bel20 market into account by including
consumer confidence data. I will look at whether market expectations in Belgium were
significantly different before and after the introduction of the Euro or not through the use
of various models, which will be explained in Chapter 3.
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Engle and Rangel (2006) developed their own model for equity volatility. They
used macroeconomic effects and time-series dynamics. The macroeconomic factors used
included GDP, inflation and short-term interest rates. These three factors will be
considered when setting up the model for my research as I will focus on the
macroeconomic determinants of stock price volatility. The study by Engle and Rangel
(2008) is extensive and detailed. It is one of the few that has been done that specifically
pertains to equity price volatility, rather than equity return volatility on which more
research has been performed.
Research conducted by Giovannini, Grasso, Lanza, and Manera (2006) looked to
identify the forces that drive stock returns and their associated volatilities. The study
focused on oil companies and the most important takeaway pertaining to my research is
that when plotting the Dynamic Conditional Correlation Model against time, the
companies in the Euro area see a positive jump in the DCC at the first half of 2001. This
was followed by a higher level of correlation. The Bel20 contains stocks from oil
companies and some association could be made with the mentioned study. The research
by Giovannini, Grasso, Lanza, and Manera (2006) could lead to a prediction of a higher
correlation in the returns on stock prices and their financial risk factors after the
introduction of the Euro.
The determinants of stock return comovements were also researched by Baele,
Bekaert, and Inghelbrecht (2010). This study focused on data from the US. The authors
came to the conclusion that interest rates, inflation, the output gap, cash flow growth, risk
aversion, uncertainty about inflation, and output and liquidity proxies determined the
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comovements of stock and bond returns. However, macroeconomic factors do not explain
much about the comovements of the returns. Other factors, and mainly the liquidity
proxies play a more important role. Individually, the variance premium is important in
explaining stock return volatility. The primary item to take away from this is that I should
not focus on the return volatility of stocks and bonds because the economic factors
explain little about their comovements. It is however important to think about the
variance premium that explains stock return volatility.
Engle, Ghysels, and Sohn (2013) looked at the macroeconomic fundamentals and
stock market volatility. The results show that inflation and industrial production growth
drive long-term volatility. This means that including economic fundamentals in models
for volatility is good in terms of long-term forecasting. The researchers also found that
even for short term forecasting the macroeconomic fundamentals are important. This
implies that for this research including inflation and industrial production growth could
show significance regarding volatility if we would compare a short time period before the
Euro and a short time period after the Euro. It also means that in the long-term, we could
see that if there are differences between inflation and industrial production growth,
volatility will change.
Tennant and Tracey (2014) researched financial intermediation and stock market
volatility in small developing countries. Although Belgium is a developed country, it is
important to see how volatility is determined worldwide so one can make conclusions
pertaining to different countries. The results of the research by Tennant and Tracey (2014)
illustrate that factors affecting a bank‟s profitability might increase stock market
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volatility. The factors studies included efficiency, stringent or inconsistently applied
regulations, and ill-advised financial transactions. Also, this research concludes that the
effectiveness of financial intermediation impacts the volatility of a stock market and the
profitability of companies. Belgium does not have to worry much about this, but there are
some countries that use the Euro that might have to take this into account. That is one of
the reasons why it would be difficult to create a model for the entire EMU and that it is
better just to focus on one country at a time.

2.3 Models for Stock Market Volatility
In order to decide on what model to use for this research, it is important to know
what models have been used and developed in other studies. Once I know this, I will be
able to choose whether I want to use one of these models or use another model for my
study. Early research by Bollerslev, Engle, and Wooldridge (1998) developed a capital
asset pricing model with time-varying covariances. The model focuses on the possibility
that agents can have common expectations about future returns, but that these
expectations are not constants. Rather, they are conditional expectations. In the research,
a multivariate generalized autoregressive conditional heteroscedastic process is estimated
and the GARCH-M econometric model is used. Although this model would be a good
model for some other research, my research specifically focuses on volatility, rather than
capital asset pricing.
Solnik (1993) has been a source for many studies pertaining stock market
volatility. Solnik (1993) proposes a test of the economic significance of predictable
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components in conditional expected returns. For this, the author designs dynamic
international allocation strategies based on a conditioning information set. Solnik (1993)
uses three approaches based off the conditional risk premium model that uses the return
in a period in excess of the risk-free rate and the conditioning information known. For his
first approach, he includes past returns in information set. In his second approach, he
models the risk premium as a function of volatility of returns. His third approach is to use
information variables observable at the start of the holding period to forecast returns over
the period. This research indicates the use of various models to explain expected returns.
However, these models might not be optimal for my research because I will focus on
volatility rather than expected returns.
Harvey (1994) is another well-known source regarding portfolio allocation. The
author looks at stock market returns in emerging markets. He comes up with a model that
uses conditioning information to predict emerging market returns and finds that using this
portfolio strategy produces out-of-sample performance that is two times larger than the
traditional benchmark. Although this research focuses on emerging markets, it might
have some implications for industrialized countries. The research implicates that using
conditional asset allocation strategies might be useful.
Engle and Rangel (2008) developed the Spline-Garch model for low frequency
volatility. The research suggests to model equity volatilities as a combination of time
series dynamics and macroeconomic effects. According to Engle and Rangel (2006), high
frequency return volatility is specified to be the product of a slow-moving component,
represented by an exponential spline, and a unit GARCH. On the other hand, low
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frequency volatility is modeled as a function of financial variables in an unbalanced panel
with a variety of dependence structures, as stated by Engle and Rangel (2008). The
research indicates the importance of using panel and time-series data to model volatility
and macroeconomic effects. This will be considered when choosing a method for this
study.
A cross-country model for the influence of the pre-trade transparency on market
liquidity and price volatility is established in a study by Lucarelli, Mazolli, and Palomba
(2008). The authors create a model with simultaneous equations that relate volatility and
liquidity indicators with three different pre-trade transparency dimensions. The model
also uses several control variables. The research focuses both on liquidity and volatility
and pre-trade transparency. This model would be useful if I looked at pre-trade
transparency, but is not optimal for focusing on stock market volatility.

2.4 Expectations
An article by Bagella, Becchetti, and Hasan (2004) discusses the anticipated effects
of the introduction of the Euro. It specifically focuses on exchange rate volatility,
institutions and growth. The research states that two of the main effects expected after the
formation of a currency union are reduced exchange rate volatility, higher heterogeneous
quality of institutional rules, and fewer macroeconomic policies. Although the research
does not specifically relate to stock market volatility, it is an important implication
because the introduction of the Euro will decrease exchange rate volatility, which
eliminates one of the risks for investors within the EMU. Also, having fewer different
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macroeconomic policies across different countries will have an effect on the stock market.
The research indicates that reduced exchange rate volatility, higher heterogeneous quality
of institutional rules, and fewer macroeconomic policies have a significant impact on the
growth rate of GDP per capita, which is one of the variables that influences stock market
volatility, as discussed in Engle and Rangel (2008). When the GDP is considered in my
model, this research indicates that there will be a change in the growth rate due to the
introduction of the Euro.

2.5 Introduction of the Euro and Stock Markets
Some research related to the change to a common currency has been performed
after the introduction of the Euro. The first study done was by Morana and Beltratti (2002)
and only looks at the period when the Euro was first introduced, but no bills or coins
were issued yet. The research was conducted using a three-regime Markov switching
model for the variance-covariance matrix between different stock indices. The study
concludes that there was an initial burst of stock market volatility in all European stock
markets. However, after the burst the Spanish and Italian stock markets have stabilized.
Belgium was not included in this research, which gives rise to my study. Also, it would
be interesting to look at the data after 2000, when the data for the research by Morana and
Beltratti (2002) was gathered.
Another study by Baele (2005) was performed in the early years after the
introduction of the Euro. This research dates from before Euro bills and coins were
released by the EMU. Baele (2005) looks at volatility spillover effects in European equity
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markets. A shock spillover model was developed. The model takes into account the local
unexpected returns in a shock specific to a country, a regional European shock, and a
global shock from the US. Baele (2005) accounts for regime switches in the shock
spillover parameters. The purpose of the research was not to look at the determinants of
volatility before and after the Euro; it looked to relate volatility shocks in different places
to the volatility in multiple equity markets. The study finds that shock spillover intensity
has increased over the years. This implies that the volatility shock related to the
introduction of the Euro may be felt in other countries that are not part of the EMU.
Hardouvelis, Malliaropulos, and Priestley (2006) researched the EMU and
European stock market integration. The purpose of this research was to see if the
introduction of the Euro had an effect on the integration of stock markets of individual
Eurozone countries similar to that of the integration of money and bond markets. The
authors looked at the UK, which chose not to adopt the Euro, and different other
countries which chose to adopt the Euro. Evidence that linked increased integration of
European stock markets in the 1990s and the formation of the EMU was found. The UK
stock market showed no evidence of increase integration with the EU stock market while
the countries that chose to be part of the EMU did. This research should be considered in
my study because stock market integration plays an important role in the different stock
markets. The Belgian stock market should be integrated in the all of the EMU countries‟
stock markets, which means that implications related to the Bel20 index will have an
effect on other stock markets in countries that use the Euro as a currency.
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Durré and Nardelli (2007) studied the volatility in the Euro area money market.
The researchers looked at the pattern of the volatility of the overnight interest rates before
and after the structural changes to the Eurosystem‟s operational framework in March
2004. Univariate and multivariate models were used. The results indicate that the
volatility of overnight interest rates decreased after March 2004. These results might be
considered when looking at overnight interest rates as a macroeconomic determinant of
volatility. Also, my research will indicate whether the same conclusion can be made
pertaining to stock market volatility rather that the volatility of overnight interest rates.
Research by Chou, Wu, and Yang (2012) focused on the Euro‟s impacts on the
smooth transition dynamics of stock market volatilities. The authors use a GARCH
model for stock market volatility. The ST-GARCH model provides evidence that it can
detect underlying pattern of volatility in four European markets (France, Germany, Spain,
and Italy). Also, evidence was found that before the Euro was officially introduced in
1999, volatility processes for the stock markets of the countries that are part of the EMU
contain structural changes. Before the Euro was introduced the stock market volatilities
increased. The transition point was around two to three years before the launch of the
Euro. This research relates very closely to my study. It implicates that I can expect a
change in the values of the determinants of volatility after the Euro is introduced. It also
indicates that I should treat the three years before the introduction of the Euro separately
to account for the structural break. Although Belgium was not among the countries used
for the study by Chou, Wu, and Yang (2012), one can still relate some results to the
country.
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The euro conversion and return dynamics of European financial markets were
studies by Grossmann, Guidici, and Simpson (2014). They used a frequency domain
approach and compared the different aspects of equity market index returns over several
time periods before and after the introduction of the Euro. Twelve Euro-zone countries
(including Belgium), the UK, the US, and Japan were compared. The results show that
right after the introduction of the Euro, there is a reduced equity market index returns
volatility. However, in the long run there is an increase in volatility in the equity markets.
This study gives the opposite conclusion of all other research discussed as volatility is
said to increase in the long run. Although I will be looking at the determinants of
volatility, this research gives interesting insights as to what direction volatility went
before and after the introduction of the Euro.
Gebka and Karoglou (2013) studied the integration of the European peripheral
financial markets. The authors used tests for structural breaks and return correlations
stemming from multivariate stochastic volatility models. The results indicate that
financial integration strengthened while awaiting the Euro, intensified even more when
the EMU was created, and became larger after the 2007/2008 financial crisis. From this
research, it can be concluded that financial markets became more and more intertwined as
the Euro evolved. This is an important implication for the Bel20 index as it will be
increasingly related to other countries‟ financial markets. It also leads to this research in
that it is important to see how the determinants of stock market volatility, particularly the
value of Euro-dummies relate to stock market volatility, rather than how a Euro-dummy
would relate to financial integration.
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In a study by Moorhead and Brooks (2013) the effect of the introduction of the
Euro on asymmetric stock market returns volatility across the Euro-zone is examined.
TARCH and APARCH models are used across four sub-periods between July 1990 and
December 2006. The research finds that asymmetric volatility is different across all four
sub-periods. The number of countries that show asymmetric volatility increases with the
four sub-periods. Although this research deals with stock market returns volatility, the
conclusion might give rise to using the models used in the study and/or following the idea
of using four sub-periods and comparing them.

2.6 Implications
An article by Helisek (2011) discusses the financial crisis and the economic
recession‟s impact on the readiness of the Czech Republic to adopt the Euro. It states that
these events have delayed the introduction of the Euro in the country. However, the
interconnection between the Czech economy and the economy in the Euro area is strong
and increasing. The Czech Republic would benefit from the introduction of the Euro
because the exchange rate volatility would decrease from 5.92% to 2.68%. Through my
research, implications could be made regarding the Czech stock market volatility once
the country introduces the Euro. The research by Helisek (2011) discusses the benefits
from exchange rate volatility, but this is not the only thing that would change. Investors
could benefit from knowing about the determinants of stock market volatility as well, and
make informed decisions. The same holds for many other countries that could take on the
Euro as their currency.
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CHAPTER THREE

METHODOLOGY

This research focuses on data regarding the Bel20 and the Belgian economy
between January 1992 and December 2013. I will use monthly data points, which means
that there are 264 observations. The reason for using monthly data is that it increases the
number of observations compared to quarterly or yearly data. In order to run a regression
with viable results there is a need of minimum 200 data points. Daily data was not
available for all variables, specifically the macroeconomic variables regarding the
Belgian economy. There are no missing data. In this chapter I will outline the data I will
use in the study, the method of analysis I will use, my null and alternative hypotheses,
and the models used to answer my research question. I will also outline the important
regression diagnostics.

3.1 Dependent Variable
The dependent variable in this research is monthly stock price volatility, based on
daily values of the index, a quantitative variable. This is measured by the standard
deviation of daily index values of the Bel20 within a month. The Bel20 reflects the stock
prices of the 20 largest firms that are listed on the stock market, which makes it a good
proxy for the stock price volatility of the entire Belgian stock market. The data is
collected from the equity index data on the Bel20 provided by EconStats (EconStats,
2015).
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3.2 Independent Variables

3.2.1

Inflation

The first independent variable that will be used in this research is inflation.
Inflation is a quantitative variable and macroeconomic indicator. Davis and Kutan (2003)
found evidence of a relationship between volatility and inflation, while Engle and Rangel
(2008) saw that inflation is an important macroeconomic factor that influences volatility,
which makes this variable appropriate for my research. Monthly inflation data for
Belgium is retrieved from NBB.Stat, an online database for macroeconomic statistics by
the National Bank of Belgium (NBB) (NBB.Stat, 2015). The inflation reflects the price
changes according to the general national index of consumer prices (NICP). The change
in inflation reflects the inflation of a certain month compared to the previous month.

3.2.2

Consumer Confidence Indicator

The second independent variable is the consumer confidence indicator, a
macroeconomic psychological variable. Kurtz, Jin, and Motolese (2005) found that
market expectations effects on volatility. The consumer confidence indicator can be used
as a proxy for market expectations. The monthly data for this variable is retrieved from
the NBB.Stat databases (NBB.Stat, 2015). The data is categorical with an ordinal scale
and reflects a consumer survey conducted by the NBB. The consumer confidence
indicator has four components including forecasts of the economic situation in Belgium,
forecasts of unemployment in Belgium, forecasts of the financial situation of households,
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and forecasts of savings of households. All components are expectations of individuals
reflecting the next 12 months.

3.2.3

Percentage Change in Industrial Production

The third independent variable that will be used for this research is the percentage
change in industrial production, a quantitative and macroeconomic variable. The proxy
for this is industrial production growth, which compares the growth of a certain month to
the growth of the previous period (month). Errunza (1998) researched the
macroeconomic determinants of stock price volatility found that industrial production
was a determinant of stock price volatility. The reason for using the percentage change in
industrial production rather than the currency amount used is because I will look at my
dependent variable volatility, which is also a percentage change. This makes things easier
and more accurate to compare. The percentage change in industrial production data is
monthly data collected from the OECD.Stat database (OECD.Stat, 2015).

3.2.4

Gross Domestic Product (GDP) Growth

GDP is the fourth independent variable is percentage change in GDP, a
quantitative variable and macroeconomic determinant of stock price volatility. Engle and
Rangel (2008) studied the macroeconomic factors that influence volatility, one of which
was GDP growth. The data for real GDP growth is retrieved from the OECD.Stat
databases (OECD.Stat, 2015). The GDP growth data stems from the growth rate
compared to the previous quarter and is seasonally adjusted. The GDP was calculated
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using the expenditure approach. The data for this independent variable is quarterly, due to
the lack of monthly data over the entire period this research will study. This is a
challenge for the research because all other variables have monthly data. However, there
are still 88 quarterly data points for GDP growth, which should reflect the variable in a
good manner for the length of the entire period of the study. The monthly data points for
GDP growth in the study will be proxies and will be assigned to the months within a
quarter by using the quarterly GDP growth. Another challenge is that the data from the
first quarter of 1992 until the fourth quarter of 1994 is estimated, according to the OECD.
The reason for this being that no quarterly GDP data for Belgium for that period is
available. This is not necessarily a problem, but it is not exact data so it is not optimal
either.

3.2.5

Dummy Variables

Some of the regressions in this study will include dummy variables for the Euro.
A dummy variable has a value of either zero or one. The study will include a variable
indicating whether or not the Euro was introduced already. A zero means that there was
no Euro, which means that Belgium was still using the Belgian Frank for those months. A
one means that the Euro was introduced already. The months from January 1992 to
December 1998 will have a value of zero and the months between January 1999 and
December 2013 will have a value of 1.
For a second dummy variable, a difference will be made between the months that
the Euro was introduced, but the coins and bills were not yet issued and the months after
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the European Central Bank (ECB) issued coins and bills. The period between January
1999 and December 2001 will receive a value of zero, while the period between January
2002 and December 2013 will receive a value of one.
Another dummy variable will take into account the financial crisis of 2007-2009.
All months in which there was no financial crisis will receive a value of zero and the
months in the period when the financial crisis happened will receive a value of one. It is
hard to estimate when the financial crisis started and ended. However, I will take the 19month period between December 2007 and June 2009 as the period for the financial crisis,
as the U.S. National Bureau of Economic Research (NBER) indicates (NBER, 2015).
Although NBER is related to the United States, the Great Recession was a global crisis
which was felt in Europe too and I could use their data as reference points. The period
between December 2007 and June 2009 will receive a value of one, while all other
months that fall outside of this period will receive a value of zero.

3.3 Method of Analysis
This research uses an ordinary least squares regression model. This model is
appropriate because I will test the influence of multiple independent variables on one
dependent variable. I will be looking at the monthly data of one country, which means
that time-series analysis would be appropriate. The regressions and tests will be run
through Gretl and SPSS because both have some disadvantages, but the combination of
the two will provide the best results.
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3.4 Null and Alternative Hypotheses

3.4.1

Null Hypothesis

H01 There is no difference in the relationship between the macroeconomic variables
(inflation, consumer confidence, change in industrial production, and GDP growth) and
Bel20 volatility before the introduction of the Euro, between the introduction of the Euro
in 1999 and before the introduction of Euro bills and coins in 2002, and after the
introduction of Euro bills and coins in 2002. In other words: there is no difference
between the independent variables throughout the entire period.
H02: There is no difference in the relationship between the macroeconomic variables
inflation, consumer confidence, change in industrial production, and GDP growth and
Bel20 volatility before the financial crisis and during the financial crisis.

3.4.2

Alternative Hypotheses

HA1: There is a difference in the relationship between the macroeconomic
variables inflation, consumer confidence, change in industrial production, and GDP
growth and Bel20 volatility before the introduction of the Euro and between the
introduction of the Euro in 1999 and before the introduction of Euro bills and coins in
2002, but not after the introduction of Euro bills and coins in 2002.
HA2: There is a difference in the relationship between the macroeconomic
variables inflation, consumer confidence, change in industrial production, and GDP
growth and Bel20 volatility before the introduction of the Euro and after the introduction
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of Euro bills and coins in 2002, but not between the introduction of the Euro in 1999 and
before the introduction of Euro bills and coins in 2002.
HA3: There is a difference in the relationship between the macroeconomic
variables inflation, consumer confidence, change in industrial production, and GDP
growth and Bel20 volatility before the introduction of the Euro, between the introduction
of the Euro in 1999 and before the introduction of Euro bills and coins in 2002, and after
the introduction of Euro bills and coins in 2002.
HA4: There is a difference in the relationship between the macroeconomic variables
inflation, consumer confidence, change in industrial production, and GDP growth and
Bel20 volatility before the financial crisis and during the financial crisis.

3.5 Models

3.5.1

Three Period Sample

The first set of models will look at three different periods. The first period is from
January 1992 until December 1998, which is the period in which the Euro did not exist.
The second period will be between January 1999 and December 2001, the period in
which the Euro was introduced, but there were no Euro bills or coins yet. The last period
will look at the period from the introduction of the Euro and the circulations of coins and
bills onwards until the start of the financial crisis. This period will run from January 2002
until November 2007. All three regressions and its independent variables‟ coefficients
will be compared. The independent variables include inflation, consumer confidence,
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change in industrial production, and GDP growth. The dependent variable is Bel20 stock
price volatility. No Euro dummy variables will be included and no financial crisis dummy
variable will be included because the sample only runs until November 2007 and will not
include the period from the start of the financial crisis onward.
The model that will be used is the same for the three different periods and is the
following:
Y= a + B1X1 + B2X2 + B3X3 + B4X4+Ut
With:
Y = Bel20 stock price volatility
a = y-axis intercept
X1 = inflation
X2 = consumer confidence
X3 = change in industrial production
X4= GDP growth
Ut = Error term

3.5.2

Sample until 2007 with Euro Dummies

The second sample will only include one model. The model will include data for
inflation, consumer confidence, change in industrial production, GDP growth, and Euro
dummies, which are the independent variables. There will be two Euro dummies included
in this model, as explained in the independent variables section in chapter three. It will
also include Bel20 stock price volatility as the dependent variable. This sample will
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include data from January 1992 until November 2007, which marks the start of the
financial crisis. This model will be used to account for the financial crisis. It will look at
the relationship between the dependent variable and independent variables, without
having to worry about possible effects of the Great Recession.
The model that will be used is the following:
Y= a + B1X1 + B2X2 + B3X3 + B4X4+ B5X5 + B6X6 + Ut
With:
Y = Bel20 stock price volatility
a = Y-axis intercept
X1 = Inflation
X2 = Consumer confidence
X3 = Change in industrial production
X4 = GDP growth
X5 = Dummy variable for Euro in period without coins and bills
X6 = Dummy variable for Euro in period with coins and bills
Ut = Error term

3.5.3

Sample until 2013 with Euro Dummies and Financial Crisis Dummies

This set of models will include two models. Both models will include the
dependent variable Bel20 stock price volatility and the independent variables inflation,
consumer confidence, change in industrial production, GDP growth, and two Euro
dummies (one for the period in which the Euro was introduced, but no coins or bills were
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used and one for the period in which coins and bills were used). The first model will only
include the variables mentioned above, while the second model will include the dummy
variable for the financial crisis, as explained in chapter 3 under independent variables.
Both models will be compared to see whether the financial crisis had an impact on Bel20
stock price volatility. The first model will also be compared to the sample until 2007 with
Euro dummies to determine whether the financial crisis had an impact on all
macroeconomic determinants of volatility‟s coefficients, which are the independent
variables. If there is a difference between the two models, it means that the
macroeconomic determinants of volatility are individually influenced by the financial
crisis, which would imply that the model which includes dummy variables for the
financial crisis is not a good model to reflect stock price volatility of the Bel20.
The models that will be used are the following:
1)

Y= a + B1X1 + B2X2 + B3X3 + B4X4+ B5X5 + B6X6 + Ut

2)

Y= a + B1X1 + B2X2 + B3X3 + B4X4+ B5X5 + B6X6 + B7X7 + Ut

With:
Y = Bel20 stock price volatility
a = Y-axis intercept
X1 = Inflation
X2 = Consumer confidence
X3 = Change in industrial production
X4 = GDP growth
X5 = Dummy variable for Euro in period without coins and bills
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X6 = Dummy variable for Euro in period with coins and bills
B7X7 = Dummy variable for the financial crisis
Ut = Error term

3.6 Important Regression Diagnostics

3.6.1

Multicollinearity

Multicollinearity means that a variable is related to another variable, which is
something that should be avoided in research. To test for multicollinearity I look at the
correlation coefficients between all variables using SPSS. More specifically, I look at the
Pearson Correlation. After the diagnostics are run, if the Pearson Correlation between two
variables has an absolute value of less than 0.5, I fail to reject the null hypothesis that
there is no multicollinearity. This means that the independent variable may be included in
the model. On the other hand, if the absolute value of the Pearson Correlation between
two variables is greater than 0.5, we reject the null hypothesis that there is no
multicollinearity and the one of the two correlated variables should be eliminated from
the model.

3.6.2

Heteroskedasticity

For research it is important that there is homoskedasticity, which means that the
variance of the error term is constant. If this is not the case and the error terms do not
have constant variances, one can speak of heteroskedasticity. Therefore,
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heteroskedasticity is tested in this study by using a White‟s general test. The test is
performed in Gretl. Gretl will compute a chi square value of which a p-value will be
derived. If the p-value is low, I reject the null hypothesis of homoscedasticity. If the pvalue is high, I fail to reject the null hypothesis of homoscedasticity. If the White‟s test‟s
outcomes reject the null hypothesis of homoskedasticity, the model will have to be run
using robust standard errors, which eliminates heteroskedasticity. If the test fails to reject
the null-hypothesis of homoskedasticity, nothing should be changed.

3.6.3

Autocorrelation

Autocorrelation means that the error terms of the variables are correlated. This is
to be avoided in research. However, autocorrelation appears a lot in time-series data
because the error term of one time period, might be related to the error term in a previous
time period. This indicates that this study might find a presence of autocorrelation. To
test for autocorrelation, I look at the value of rho for my model and at the Durbin-Watson
coefficient. Both are performed in Gretl. If rho is closer than zero than to one, I reject the
null hypothesis of no autocorrelation. However, if rho is closer to one than to zero, I
reject the null hypothesis of no autocorrelation. If the Durbin-Watson coefficient is close
to two, I reject the null hypothesis that there is no autocorrelation, while if the coefficient
is not close to two, the null hypothesis of no autocorrelation is not rejected. If I reject the
null hypothesis of no autocorrelation, the data should be manipulated so that the error
terms are no longer correlated. To do this, the data should look at the change of the
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values between month t and month t-1. If one only looks at the month-by-month change
in the values of the variables, there should not be any autocorrelation.
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CHAPTER FOUR

DATA COLLECTION AND PRESENTATION

In this study, the dependent variable is stock price volatility. The independent
variables include inflation, consumer confidence, percentage change in industrial
production, real GDP growth, and dummy variables for the Euro, Euro coins, and the
financial crisis. Data for the dependent variable is specifically on the Bel20 stock index,
which is derived from the stock prices of the twenty largest companies listed on the
Belgian stock exchange. The other variables‟ data is macroeconomic data on Belgium
and the dummy variables‟ data is based on information regarding the EMU and the EU.
The data was collected from multiple publicly available databases as described in chapter
3. This research focuses on the period from January 1992 until December 2013 and looks
at monthly data. The period was chosen because of the availability of data and so that the
amount of data points was sufficient. Quarterly data would have resulted in an
insufficient amount of data points. This chapter will discuss the screening of the data and
what was done to eliminate issues that came forward during the screening. It will
specifically discuss missing data, outliers, multicollinearity, heteroskedasticity, and
autocorrelation. Data screening is necessary before running regressions to ensure the data
is of good enough quality to produce valid results.
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4.1 Missing Data
If less than 6% of the data are missing, these cases can be ignored and it is ok to
proceed with the research without taking any further steps. However, if between 6% and
25% of the data are missing, analysis values will have to be assigned to the missing data
according to what kind of data one is dealing with. If more than 25% of the data is
missing, it should be considered to eliminate the variable from the analysis. To screen for
missing data I used SPSS, which produced Table 1 below. No missing values were found,
which means that no adjustments have to be made in the data.
Table 1

4.2 Outliers
There are multiple possibilities when it comes to checking for outliers or extreme
values. In this research, the use of graphs was chosen. Outliers are relative to a model. If
a point falls far from the regression line or the plane defined by the other variables of the
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model, it is an outlier. If outliers are found, a researcher should study if the outliers can
be explained. If the outliers cannot be explained, tests to see whether or not the outliers
influence the results of the study or not should be run. If they do, the outliers should be
eliminated. Gretl produced graph 1 and 2 (see below). When the graphs were studied, no
extreme values could be observed in either of the graphs. In Graph 1, the regression
residuals were ran against time. Peaks that stand alone and differ much from the other
values could not be observed. In Graph 2, the regression residuals were run against Bel20
volatility. No extreme values that lay far from the regression line could be seen. Gretl
also produced Graph 3, which represents the leverage of each of residuals or how much
one residual influences the model. None of the residuals showed extreme leverage, which
is another indicator that there are no outliers present. In conclusion, no outliers could be
observed and no adjustments had to be made to the data regarding extreme values.
Graph 1
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Graph 2

Graph 3

4.3 Multicollinearity
Multicollinearity was tested using SPSS. If the Pearson correlation coefficient of a
variable is between -0.5 and 0.5, I fail to reject the null hypothesis that there is no
multicollinearity. If the Pearson correlation coefficient falls outside that range, the null
hypothesis of no multicollinearity is rejected. As seen in Table 2 below, only one of the
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Pearson correlation coefficients has a value outside the range -0.5 to 0.5 and all other
correlation coefficients fall within the range. There is a correlation of 0.543 between the
dummy variable no coins and bills and the independent variable consumer confidence
indicator. However, since there is only a marginal multicollinearity between these two
variables and because all other variables do not show any multicollinearity, I failed to
reject the null hypothesis of no multicollinearity. Resulting from this, I did not have to
make any adjustments to my data and could continue with the next step regarding the
regression diagnostics.
Table 2
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4.4 Heteroskedasticity
To test for heteroskedasticity Gretl was used. A White‟s general test was
produced which gave a p-value of 0.000000 (see Table 3). As discussed in chapter 3, a
low p-value indicates that the error terms do not have a constant variance. This leads to
rejecting the null hypothesis of homoscedasticity. To account for this and to eliminate
possible heteroskedasticity, the model will be run with robust standard errors as I will do
in chapter 5.
Table 3
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4.5 Autocorrelation
Autocorrelation was tested to see if the error terms of the variables are correlated.
I looked at both the rho value for my model and the Durbin-Watson coefficient in Gretl
(see Table 4). The rho value for my model was 0.249322. According to the discussion in
chapter 3, I failed to reject the null hypothesis of no autocorrelation because the value of
rho was closer to 0 than to 1. The Durbin-Watson coefficient for my model was 1.499825,
which confirms that I had to fail to reject the null hypothesis of no autocorrelation. This
was because the value for the Durbin-Watson coefficient is close to two. Resulting from
this, no further action had to be taken regarding to the data.
Table 4
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4.6 Limitations of the Model
The research uses stock price volatility data from the Bel20. This data only
focuses on the stock prices of the twenty largest companies listed on the Belgian stock
exchange. It might not be optimal to infer effects about the entire Belgian stock market
based on information on a select amount of companies. It is possible that the stock price
volatility of smaller companies was affected differently than that of the twenty largest
companies.
For future research it might be interesting to include some other macroeconomic
factors and other factors that influence stock price volatility. This research limited the
amount of variables to five due to the availability of data. If more variables are included,
the overall fit of the model may be improved.
It might also be interesting to expand the period of the study and divide that
period into more different sub-periods. This could bring to light other findings than what
can be discovered in my research regarding stock price volatility. Due to the availability
of data, I could not expand my research period.
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CHAPTER FIVE

DATA ANALYSIS

5.1 Linear Regression Outcomes
This chapter includes different ordinary least squares regressions with a time
series structure. All regressions were run in Gretl. Regressions were run for each set of
models. Heteroskedasticity was found in chapter 4 and all regressions were run with
robust standard errors to account for that. To see the effect of the macroeconomic
indicators on volatility it is necessary to test the statistical significance of those
macroeconomic indicators. In this chapter, I tested the statistical significance of all
independent variables in all sets of models to see whether the null hypothesis should be
accepted or rejected. The null hypothesis „there is no difference in the relationship
between the macroeconomic variables inflation, consumer confidence, change in
industrial production, and GDP growth and Bel20 volatility before the introduction of the
Euro, between the introduction of the Euro in 1999 and before the introduction of Euro
bills and coins in 2002, and after the introduction of Euro bills and coins in 2002‟ was
tested. Along with this, I tested the second null hypothesis „there is no difference in the
relationship between the macroeconomic variables inflation, consumer confidence,
change in industrial production, and GDP growth and Bel20 volatility before the financial
crisis and during the financial crisis. Graph 4 shows monthly Bel20 volatility over time
from January 1992 until December 2013.
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Graph 4

5.2 Three period sample
As discussed in Chapter 3, this set of models includes 3 time periods: January
1992 until December 1998, January 1999 until December 2001, and January 2002 until
November 2007. Table 5 is the model for January 1992 until December 1998. It shows no
statistical significance for the variables consumer confidence, percentage of industrial
growth, and real GDP growth at the 95% confidence level or at the 90% confidence level.
The p-values of the model are too high. It does show statistical significance for the
variable inflation at the 95% and 90% confidence level because the p-value for the
variable is under 0.05. If inflation increases by one percent, Bel20 volatility decreases by
18.7701.

47

Table 5

Table 6 is for the model from January 1999 until December 2001. This model
shows no statistical significance for the variables inflation, consumer confidence, and real
GDP growth at the 95% confidence level or at the 90% confidence level because the pvalues of the model are too high. It does show statistical significance for the variable
percentage change in industrial production at both confidence levels as the p-value for the
variable is smaller than 0.05. If percentage change in industrial production increases by
one percent, Bel20 volatility decreases by 4.68876.
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Table 6

Table 7 is for the time period January 2002 until November 2007. In this model,
consumer confidence, percentage change of industrial growth, and real GDP growth do
not show any statistical significance at the 95% and 90% confidence levels. However,
inflation shows statistical significance at the 90% and 95% confidence level as the pvalue is 0.0324. If inflation increases by one percent, Bel20 volatility decreases by
15.2048.
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Table 7

The variables consumer confidence and real GDP growth are not statistically
significant throughout. However, inflation is statistically significant at the 95%
confidence level in two periods out of three: before the introduction of the Euro and after
the introduction of Euro coins and bills. Percentage change in industrial production is
also statistically significant at the 95% confidence level, but only in the period from
1999-2001, when the Euro had been introduced but there were no coins or bills in
circulation. Because the statistical significance of the independent variables differs within
the three periods, one can say that there is a difference between relationship between the
macroeconomic variables inflation, consumer confidence, change in industrial production,
and GDP growth and Bel20 volatility before the introduction of the Euro, between the
introduction of the Euro in 1999 and before the introduction of Euro bills and coins in
2002, and after the introduction of Euro bills and coins in 2002. Because there is some
statistical significance, the null hypothesis is rejected. However, the statistical
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significance of the variable inflation is the same in the period before the introduction of
the Euro, and after the introduction of Euro bills and coins. This leads us to accept the
first alternative hypothesis that states that there is a difference in the relationship between
the macroeconomic variables inflation, consumer confidence, change in industrial
production, and GDP growth and Bel20 volatility before the introduction of the Euro and
between the introduction of the Euro in 1999 and before the introduction of Euro bills
and coins in 2002, but not after the introduction of Euro bills and coins in 2002.

5.3 Sample until 2007 with Euro Dummies
This model includes data for the period January 1992 until November 2007. The
dependent variable is Bel20 volatility and the independent variables are inflation,
consumer confidence, change in industrial production, GDP growth, and dummy
variables for no Euro bills and coins but the Euro is introduced and Euro bills and coins.
The data between January 1992 and December 1998 has a value of zero for all dummy
variables. The data between January 1999 and December 2001 received a value of one
for the first dummy variable and a value of zero for the second dummy variable. The data
between January 2002 and November 2007 received a value of zero for the first dummy
variable and a value of one for the second dummy variable. The results of the regression
can be seen in Table 8. This model shows no statistical significance for the variable real
GDP growth at the 95% confidence level or at the 90% confidence level. It does show
statistical significance at the 95% confidence level for the variables inflation, and the two
dummy variables. It also shows statistical significance for the consumer confidence
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indicator and percentage change in industrial production at the 90% confidence level. At
the 90% confidence level, investors are still able to draw conclusions and make decisions.
The interpretation of the statistically significant variables is the following: if inflation
increases by one percent, Bel20 volatility decreases by 17.3006. If consumer confidence
increases by one, Bel20 volatility increases by 0.53448. If percentage change in industrial
production increases by one percent, Bel20 volatility decreases by 1.26139. For the
period when there were no coins or bills but the Euro was introduced already, volatility
increases by 18.2071. For the period after coins and bills were introduced, volatility
increases by 16.3570.

Table 8

For this model, there is a difference between relationship between the
macroeconomic variables inflation, consumer confidence, change in industrial production,
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and GDP growth and Bel20 volatility before the introduction of the Euro, between the
introduction of the Euro in 1999 and before the introduction of Euro bills and coins in
2002, and after the introduction of Euro bills and coins in 2002 that is statistically
significant. The null hypothesis is rejected. The two Euro dummy variables show
statistical significance and therefore, we accept the third alternative hypothesis which
states that „There is a difference in the relationship between the macroeconomic variables
inflation, consumer confidence, change in industrial production, and GDP growth and
Bel20 volatility before the introduction of the Euro, between the introduction of the Euro
in 1999 and before the introduction of Euro bills and coins in 2002, and after the
introduction of Euro bills and coins in 2002.‟

5.4 Sample until 2013 with Euro Dummies and Financial Crisis Dummies
These models include data for the period January 1992 until December 2013. The
independent variables are inflation, consumer confidence, change in industrial production,
GDP growth, and dummy variables for no Euro bills and coins but the Euro is introduced,
Euro bills and coins, and the financial crisis of December 2007 until June 2009.
The first model does not include the dummy variable for the financial crisis, while the
second model will include this variable. For the first model the data between January
1992 and December 1998 has a value of zero for all both Euro dummy variables. The
data between January 1999 and December 2001 received a value of one for the first Euro
dummy variable and a value of zero for the second Euro dummy variable. The data
between January 2002 and December 2013 received a value of zero for the first Euro
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dummy variable and a value of one for the second Euro dummy variable. The results are
shown in Table 9.
For the second model, the data from January 1992 until December 1998 has a
value of zero for all three variables. The data between January 1999 and December 2001
received a value of one for the first dummy variable regarding the Euro and a value of
zero for the second dummy variable regarding the Euro. It received a value of zero for the
financial crisis dummy. The data between January 2002 and November 2007 and the data
between July 2009 and December 2013 received a value of zero for the first dummy
variable for no Euro bills and coins, a value of one for the second dummy variable of
Euro bills and coins, and a value of zero for the financial crisis dummy variable. The data
for the period between December 2007 and June 2009 has a value of zero for the dummy
variable no euro bills and coins and a value of one for the other dummy variables for euro
bills and coins and for the financial crisis. The results can be seen in Table 10.
For both model 1 and model 2 the consumer confidence indicator and the dummy
variable for Euro coins and bills show a statistical significance at the 95% or 90%
confidence level. Model 1 shows statistical significance at the 90% confidence level for
the variable percentage change in industrial production. Due to the statistical significance
of the dummy variable for the time period when coins and bills were in circulation in
both models, we reject the null hypothesis: there is no difference in the relationship
between the macroeconomic variables inflation, consumer confidence, change in
industrial production, and GDP growth and Bel20 volatility before the introduction of the
Euro, between the introduction of the Euro in 1999 and before the introduction of Euro
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bills and coins in 2002, and after the introduction of Euro bills and coins in 2002.
Because the dummy variable for the period in which the Euro was introduced, but no
coins or bills were in circulation does not show any statistical significance in either
models, we accept the second alternative hypothesis. It states that there is a difference in
the relationship between the macroeconomic variables inflation, consumer confidence,
change in industrial production, and GDP growth and Bel20 volatility before the
introduction of the Euro and after the introduction of Euro bills and coins in 2002, but not
between the introduction of the Euro in 1999 and before the introduction of Euro bills
and coins in 2002.
The financial crisis dummy variable in model 2 has statistical significance at the
95% confidence level. This leads us to reject our second null hypothesis which states:
„There is no difference in the relationship between the macroeconomic variables inflation,
consumer confidence, change in industrial production, and GDP growth and Bel20
volatility before the financial crisis and during the financial crisis‟. The alternative
hypothesis is accepted: there is a difference in the relationship between the
macroeconomic variables inflation, consumer confidence, change in industrial production,
and GDP growth and Bel20 volatility before the financial crisis and during the financial
crisis.
The interpretation of the statistically significant variables in Table 9 is the
following: if consumer confidence increases by one, Bel20 volatility increases by
0.704079. If percentage change in industrial production increases by one percent, Bel20
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volatility decreases by 1.15657. For the period after which Euro coins and bills were
introduced, volatility increases by 19.1826.
The interpretation of the statistically significant variables in Table 10 is the
following: if consumer confidence increases by one, Bel20 volatility increases by
0.910668. For the period after which Euro coins and bills were introduced, volatility
increases by 12.6676. For the period of the financial crisis, volatility increases by
53.1422.

Table 9
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Table 10

5.5 Comparing models
The models found in Tables 5-7 are exploratory. They do tell us that that the
relationship between the variables did not change over the three periods. Throughout the
models, the constant is positive. The variables inflation, percentage change in industrial
production, and real GDP growth have an inverse relationship with Bel20 volatility: if the
variables increase, volatility decreases and vice versa. In all three models consumer
confidence is positively correlated with Bel20 volatility: if consumer confidence
increases, volatility increases and vice versa.
Comparing Table 8 and Table 9, it can be seen that including the data in which
the financial crisis took place changes the coefficients of the variables and the variables‟
statistical significance significantly. This indicates that it is important to create a financial
crisis dummy variable so that the effect of the financial crisis is taken out of other
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variables. I chose to include the data between 2007 and 2013 to maximize the amount of
observations. This indicates that the model in Table 10 is the most accurate and
comprehensive model for this study.
I created a model which has a dummy variable for the entire period the Euro has
been used rather than splitting the period into a two sub-periods (pre and post coins and
bills). This was in order to see if splitting up periods made a difference or if the effect of
the introduction of the Euro is no different between the pre and post coins and bills
periods. The results can be seen in Table 11 below. Comparing table 10 and Table 11, it
can be seen that splitting up the Euro period does make a difference. As seen from Table
11, the Euro dummy variable is not statistically significant and has a negative correlation
with Bel20 volatility. When we split up the Euro period as seen in Table 10, the period
for no coins and bills is not statistically significant and has a positive relationship with
volatility. The period with coins and bills also has a positive relationship with volatility
and is statistically significant at the 95% level. Due to the differences between Table 10
and Table 11, I chose the model in Table 10 as the most accurate and comprehensive one.
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Table 11
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CHAPTER SIX

DISCUSSION, CONCLUSION, AND RECCOMENDATIONS

6.1 Discussion
As discussed in Chapter 5, the model in Table 10 is the most comprehensive one
and will be used for the discussion. This model is for the period from January 1992 until
December 2013 and has 264 monthly data points. It includes the dependent variable
Bel20 volatility, and the independent variables inflation, consumer confidence, industrial
production, GDP growth, dummies for the Euro (both with and without coins and bills,
and a dummy variable for the period of the financial crisis.
The coefficient for the constant is statistically significant at the 95% confidence
level and has a value of 49.5784. Although not statistically significant at the 90%
confidence level, inflation has a negative relationship with volatility. Consumer
confidence on the other hand is statistically significant and has a positive relationship
with volatility. However, there is a minimal effect as the coefficient only has a value of
0.91. If the consumer confidence indicator increases by one, volatility is predicted to
increase by 0.91, which only accounts for a 1.84% change in volatility. Percentage
change in industrial production and real GDP growth are both not statistically significant
at the 95% or 90% confidence level. Both independent variables also have a negative
relationship with volatility. The dummy variable for no coins and bills has a positive
relationship with volatility, but is not statistically significant at the 90% and 95%
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confidence levels. On the other hand, the dummy variable for coins and bills is
statistically significant at both confidence levels. It has a positive relationship with
volatility. The coefficient for this dummy variable is 12.6676. This means that for the
period after 2002, when the Euro coins and bills were in circulation, volatility increased
by 12.6676 or 25.55%. The financial crisis dummy variable indicates that for the period
of the financial crisis, volatility increased by 53.1422, or 107.21%. The variable is
statistically significant at the 90% and 95% confidence level.
Looking at the adjusted R-squared, this study explains 21.4098% of the Bel20
stock market volatility. This means that other factors explain the other 78.5902%. In
order to make a model with a better goodness of fit, I would have to add more variables.
This is something that can be done in future research.

6.2 Conclusion
My findings lead me to the reject the first null hypothesis and the acceptance of
alternative hypothesis 2 that states that there is a difference between volatility before the
introduction of the Euro (before 1999) and after the introduction of Euro coins and bills
(after 2002). This answers the research question: there is an effect of the introduction of
the Euro on stock price volatility in the Bel20. I also reject the second null hypothesis and
accept the fourth alternative hypothesis that states that there is a difference of Bel20
volatility before and during the financial crisis.
The implication of this research is that money managers now know that volatility
increased after the introduction of Euro bills and coins. If other countries join the EMU,
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this might have the same consequences for those counties as they were for Belgium:
stock price volatility can increase. Money managers can use this information when
investing in the equity market.
To my knowledge no research similar to mine has been performed in the past. A
study by Morana and Beltratti (2002) found that there was an initial burst of stock market
volatility after the introduction of the Euro. However, my study cannot support this
conclusion because the model shows no statistical significance for the dummy variable of
the period between 1999 and 2002. Research by Bagella, Bechetti, and Hasan (2004)
indicates that the introduction of the Euro would lower exchange rate volatility, higher
heterogeneous quality of institutional rules, and lessen macroeconomic policies.
Although this may be true, this does not seem to reflect in lower stock price volatility
according to my findings. An article written by Baele (2005) finds that shock spillover
intensity has increased over the years after the introduction of the Euro. Hardouvelis,
Malliaropulos, and Priestley (2006) also found evidence of increases stock market
integration. Gebka and Karoglou (2013) came to the same conclusion: financial
integration strengthened when awaiting the Euro and even more when the Euro was
introduced. It also became larger after the financial crisis. The three studies mentioned
above could explain higher stock price volatility because the Bel20 will reflect more what
happens in other countries and stock markets than it did before.
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6.3 Limitations of the Study and Recommendations
One of the limitations of the study is that more independent variables could have
been included. However, due to the availability of data I had to limit my independent
variables. Adding more variables could lead to a better fit of the model and would explain
more about stock market volatility. Also, increasing the number of data points and
studying a more extended period of time could add to my research. On top of that, it
could be good to use a different method to get a better understanding of the results. For
future research, GARCH models such as in studies by Bollerslev, Engle, and Wooldridge
(1998) and Engle and Rangle (2008) and Markov switching models as used by Morana
and Beltratti (2002) can be used. It is recommended to perform other research on
different countries within the EMU and to compare them. It would be interesting to see
whether the results are country specific or not.
6.4 Final Comments
This study finds that the introduction of the Euro had an impact on Bel20
volatility after Euro coins and bills were introduced. The purpose of the study was to
introduce the subject and to gain more knowledge about the macroeconomic variables
that influence stock price volatility. After the introduction of the subject through this
research, much more about these implications and about the effect on other countries can
be studied to gain more knowledge and to provide information to policy makers and
money managers.
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